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The  study  was  aimed  at evaluating  an  in  vitro  induction  of  DNA  damage  in  three  sperm
subpopulations  exposed  to selected  inﬂammatory  mediators,  such  as  leukocytes,  two  com-
binations  of  pro-inﬂammatory  cytokines  (interleukin  [IL]-6  +  IL-8  and  IL-12  +  IL-18)  and  two
bacterial  strains  (Escherichia  coli  and  Bacteroides  ureolyticus).  Semen  samples  from  nor-
mozoospermic  volunteers  were  differentiated  by  swim-up  (swim-up  fraction)  and  Percoll
gradient  procedures  (90%  and  47%  Percoll  fractions).  Leukocytes  were  isolated  from  the
whole  heparinized  blood  using  the  density  gradient  centrifugation  technique.  DNA frag-
mentation  in sperm  fractions  was  evaluated  using  ﬂow  cytometry  with  TUNEL  labeling
and Comet  assay.  Out  of the  inﬂammatory  factors  tested,  bacteria  were  found  to have  a
greatest  toxic  effect  on  sperm  DNA, especially  in  fractions  isolated  by Percoll  gradient,  com-
pared  with  untreated  cells  (P  <  0.05).  The results  indicate  that  inﬂammatory  mediators  can
be a direct  cause  of DNA  fragmentation  in  ejaculated  spermatozoa,  which  can  ultimately
lead to  limited  fertilizing  abilities  of  the  germ  cells.  In contrast  to  the  swim-up  technique,
the  selection  of spermatozoa  by gradient  procedures  increases  the vulnerability  of  mature
spermatozoa  to the  harmful  effects  of infectious  agents  on  DNA  integrity.  This  observation
may  have  some  meaning  for recommendations  concerning  laboratory  techniques  used in
assisted  reproductive  therapy.
 2013 P©
. IntroductionThe ‘poor’ sperm DNA quality appears to be one of the
mportant factors affecting male reproductive ability, both
n natural and assisted procreation (Simon et al., 2011;
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Aitken et al., 2009; Carrell et al., 2006; Comhaire et al., 1999;
Sergerie et al., 2005). This has been conﬁrmed by numer-
ous reports in which a higher percentage of spermatozoa
with fragmented DNA has been found in infertile men com-
pared with fertile individuals (Baccetti et al., 1996; Hughes
et al., 1996; Lopes et al., 1998; Smit et al., 2010; La Vignera
et al., 2012). Sperm DNA fragmentation can be attributed
to various pathological conditions including: local and sys-
temic diseases, environmental factors, sperm preparation
protocols and infection/inﬂammation in the male repro-
Open access under CC BY-NC-ND license.ductive tract (Erenpreiss et al., 2006; Muratori et al., 2006).
Three mechanisms described in the literature can disrupt
sperm DNA integrity, such as defective chromatin packag-
ing, apoptosis and oxidative stress (Aitken and De  Iuliis,
 license.
oductiveM. Fraczek et al. / Journal of Repr
2007; Schulte et al., 2010; Tamburrino et al., 2012). In the
case of inﬂammation of the genitourinary tract, the redox
imbalance is probably one of the etiological factors respon-
sible for the destructive effects of the inﬂammatory process
on male gametes, which is mainly associated with perox-
idation of sperm macromolecules (Comhaire et al., 1999;
Aitken and Baker, 2006; Fraczek and Kurpisz, 2007).
Patients with semen urogenital infection/inﬂammation
have more frequently shown a higher number of spermato-
zoa with DNA fragmentation than fertile controls (Allam
et al., 2008; La Vignera et al., 2012). Moreover, many
authors claim that the percentage of DNA-fragmented
spermatozoa in semen is connected to semen contam-
ination with bacterial species (Moskovtsev et al., 2009;
Domes et al., 2012), although others have not found
any relationship between bacteriospermia and sperm
DNA integrity (Rybar et al., 2012). Published studies also
reported conﬂicting results on the harmful impact of leuko-
cytospermia on sperm DNA integrity as measured by DNA
fragmentation assays (Ochsendorf, 1999; Henkel et al.,
2003; Moskovtsev et al., 2007; Fariello et al., 2009; Domes
et al., 2012). These contradictory opinions may  be con-
nected to the speciﬁc site of infection/inﬂammation within
the reproductive tract, with a different diagnostic pro-
ﬁle for semen microbial culture, and colonization of the
male genital tract by speciﬁc bacterial strains. Further-
more, bacteriospermia and/or leukocytospermia do not
necessarily mean an infection/inﬂammation with negative
consequences for fertility (Merino et al., 1995; Köhn et al.,
1998; Rodin et al., 2003; Lackner et al., 2006; Gdoura et al.,
2008).
The direct association between the presence of infec-
tious factors in semen and sperm fertilizing potential
has been intensely discussed and constitutes a signiﬁcant
problem in contemporary andrology. It is impossible to
avoid the issue of sperm DNA integrity when analyzing
the inﬂuence of male genitourinary tract inﬂammation
on oxygen metabolism, and its effect on sperm struc-
ture and function. Thus, we decided to reconstruct semen
inﬂammation in vitro and to analyze the effect of selected
inﬂammatory mediators on an in vitro DNA fragmentation
of different sperm subpopulations. Out of the many fac-
tors participating in the inﬂammatory process, previously
studied regarding lipid sperm membrane peroxidation
vulnerability, we chose peripheral blood mononuclear
cells (PBMC), two combinations of human recombinant
pro-inﬂammatory cytokines (interleukin (IL)-6 + IL-8 and
IL-12 + IL-18) and two pathogenic bacterial strains isolated
from semen samples (Escherichia coli and Bacteroides ure-
olyticus) for the present study.
2. Materials and methods
2.1. Sample collection and preparation
Semen specimens were obtained from ten healthy
volunteers attending the Outpatient Andrology Clinic, Poz-
nan, Poland after four days of sexual abstinence. Following
30 min  of sample liquefaction at room temperature, sperm
parameters were assessed according to the World Health
Organization criteria (WHO, 1999) and Kruger’s strict Immunology 100 (2013) 76– 85 77
criteria for morphology (Kruger et al., 1986). Each semen
specimen was  also checked for the presence of peroxidase-
positive cells by Endtz test (Endtz, 1974). All samples
tested were subjected to extended microbiological exam-
ination, including aerobic, anaerobic, and atypic bacteria
(BioMerieux, Marcy-L’Etoile, France). Only normozoosper-
mic  semen samples with leukocytes <0.2 × 106/mL  and
negative bacterial culture were utilized for further experi-
ments (Table 1). Semen samples selected for the study were
fractionated by the swim-up technique and the Percoll gra-
dient procedure as previously reported (Fraczek et al., 2004,
2007). The cells from swim-up, 90% and 47% Percoll sperm
fractions, were ﬁnally washed in phosphate-buffered saline
(PBS) and adjusted to a density of 2 × 107 spermatozoa/mL.
Heparinized venous blood samples were collected from
ten healthy adults donating to the Regional Blood Cen-
tre, Poznan, Poland. Leukocytes were isolated using the
density gradient centrifugation technique (Histopaque-
1.077 (Sigma, St. Louis, MO,  USA)) as described elsewhere
(Fraczek et al., 2004, 2007). The peripheral blood
mononuclear cells (PBMC) suspensions were diluted to a
concentration of 1 × 107 cells/mL for further use.
The bacterial isolates used in this study were obtained
from the Outpatient Clinic of Poznan Hospital Med-
ical University, using the following biochemical test
kits(BioMerieux, Marcy-L’Etoile, France): ID 32 E for
Gram-negative rods and API 20 A for anaerobic bacteria.
The bacterial strains were isolated from semen sam-
ples, with signiﬁcant bacteriospermia (>3 × 105 cells/mL
and >1 × 106 cells/mL of semen for E. coli and B. ureolyti-
cus, respectively) and leukocytospermia, of our infertile
patients. Suspensions of all isolates containing 3000 bacte-
ria per mL were prepared in a sterile 0.85% saline no more
than 3 h before the experiment in which they were to be
used. A speciﬁc anaerobic atmosphere generator system
(GenBag Anaer, BioMerieux) was  used for the transport of
anaerobic strain.
2.2. Incubation of sperm fractions with inﬂammatory
mediators
One million spermatozoa of all the three sperm frac-
tions resuspended in PBS were then incubated with PBMC
(1 × 106 per mL  of sperm suspension), human recombi-
nant proinﬂammatory cytokines (200 pg, 500 pg, 50 pg, and
500 pg per mL of sperm suspension respectively for IL-6,
IL-8, IL-12, and IL-18) or bacteria (1 × 103 cells per mL  of
sperm cells, for both E. coli and B. ureolyticus)  for 1 h at 37 ◦C.
Leukocytes were then removed from the co-incubated mix-
tures using a Dynal MPC-1 immunomagnetic cell isolation
system (Fraczek et al., 2004, 2007, 2008).
2.3. Tunel labeling
Once induced in spermatozoa, DNA fragmentation was
evaluated using the TUNEL (Terminal deoxynucleotidyl
Transferase Biotin-dUTP Nick End Labeling) assay (Flow-
TACS Apoptosis Detection Kit, R&D Systems, Minneapolis,
MN,  USA) following the manufacturer’s instruction. Sperm
samples were ﬁxed with 3.7% formaldehyde solution and
permeabilized with Cytonin. Next, biotinylated nucleotides
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Table 1
Standard semen parameters (n = 10 samples).
Semen parameter Median Min.–max. Mean ± SD
Volume (mL) 3.00 1.50–7.50 3.62 ± 1.65
Concentration (×106/mL) 110.00 71–180 112.48 ± 32.36
Total  number of spermatozoa (×106) 345.60 106.5–756 400.68 ± 207.10
Progressive motility (%) 63.00 50.00–78.00 63.31 ± 10.09
Total  motile (progressive + nonprogressive) (%) 68.00 52.00–92.00 69.08 ± 13.56
Immotile (%) 31.00 20.00–44.00 30.92 ± 8.20
Vitality (% alive) 83.00 71.00–92.00 82.62 ± 6.99
Spermatozoa with normal morphology (%) 25.00 7.00–42.00 24.50 ± 8.52
Peroxidase-positive cells (×106/mL) 0.04 0.00–0.12 0.07 ± 0.05
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aRound cells of spermatogenic lineage (×106/mL) 
ere added to the free 3′-ends of the DNA fragments
n the presence of terminal deoxynucleotidyl transferase
TdT). After the creation of a complex between biotinylated
NA fragments and streptavidin-conjugated ﬂuorescein
FITC) spermatozoa were analyzed by means of a FAC-
can ﬂow cytometer (Becton Dickinson, San Jose, CA, USA).
 minimum of 10,000 events were acquired for each
valuated sample. The results were analyzed using Facs-
iva software (Becton Dickinson, San Jose, CA, USA). The
ercentage of TUNEL-positive cells was determined. The
ackground ﬂuorescence was assessed in comparison to
oth negative (sperm exposed to the reaction mixture
ithout TdT) and positive (sperm pre-treated with DNase
) controls. In addition, the TUNEL-FITC-labeled spermato-
oa were observed under a ﬂuorescent microscope (BX41,
lympus, Tokyo, Japan) to monitor the morphology of
UNEL-positive spermatozoa.
.4. Comet assay
For evaluation of the DNA status of individual sper-
atozoon, single cell gel electrophoresis (Comet assay)
as performed using the CometAssay Apoptosis Detec-
ion Kit (R&D Systems, Minneapolis, MN,  USA) following
he manufacturer’s speciﬁcation with some own modiﬁ-
ations. Sperm cells were immobilized in melted agarose
LMAgarose) on slides supplied in the Kit and lysed for 24 h
t 4 ◦C. The lysis buffer consisted of 2.5 M NaCl, 100 mM
a2EDTA, 10 mM Tris, 1% Triton X-100, 200 g/mL pro-
ease K. After lysis, the slides were left in an alkaline
olution for 1 h at room temperature in the dark to allow
perm DNA to unwind. Next, horizontal electrophoresis
as carried out for 20 min  at 25 V and 300 mA  (0.714 V/cm).
fter electrophoresis, slides were immersed in ice cold
00% methanol for 5 min, followed by 100% ethanol for
 further 5 min. Fixed and dried samples were stored
t room temperature prior to staining with a ﬂuores-
ent dye DAPI (2 g/mL; SERVA, Heidelberg, Germany).
amples of untreated sperm cells were used as con-
rols for each sperm fraction, respectively. The tail length
easured from the edge of the comet head was evalu-
ted using an Olympus BX41 microscope and analyzed
sing Isis (in situ imaging system) software (MetaSystems,
ltlussheim, Germany). A minimum of 50 comets was
cored per slide. All the samples were run twice – each on
 separate slide.0.28–1.92 1.15 ± 0.46
2.5. Statistical analysis
Statistical analysis was performed using STATISTICA,
version 7.0 (StatSoft, Tulsa, OK, USA) with parametric
as well as non-parametric tests. The data obtained from
the Comet assay were normally distributed and sub-
jected to one-way analysis of variance (ANOVA), and
followed by the Dunnett and Tukey multiple compar-
isons tests. For the percentage of TUNEL-positive cells
non-parametric analysis of variances (Kruskal–Wallis test)
was  used followed by the Dunnett and Dunn multiple
comparisons tests. The Mann–Whitney U test was used
to assess differences between swim-up and 90% Percoll
sperm fractions. Data obtained using parametric tests
were presented as mean ± standard deviation (SD). In
turn, data analyzed using a non-parametric test were pre-
sented as median ± average deviation (AD). Differences
were regarded as signiﬁcant if P < 0.05, P < 0.01 or P < 0.001.
3. Results
3.1. Characteristics of sperm fractions
The detailed characteristics of all three sperm fractions
applied in the present study are presented in Table 2.
Spermatozoa isolated by the swim-up procedure exhibited
the best seminological parameters, speciﬁcally in respect
of high motility and good morphology. Spermatozoa from
the 90% Percoll fraction had slightly (but statistically sig-
niﬁcant) worse morphology and viability compared with
the swim-up separated germ cells (P < 0.05). The 47%
Percoll fraction contained spermatozoa with statistically
signiﬁcant poorer sperm quality concerning the motility,
morphology, and viability (P < 0.001, compared with the
swim-up sperm fraction).
3.2. Tunel-positive spermatozoa in sperm fractions
The overall results (irrespective of inﬂammatory factor
applied) for TUNEL-positive spermatozoa in tested sperm
fractions are shown in Fig. 1. The percentage of TUNEL-
positive cells was signiﬁcantly higher in spermatozoa from
the 90% Percoll fraction (13.08%) than in the swim-up
selected sperm (9.84%; P < 0.05).
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Table 2
Characteristics of spermatozoa isolated by swim-up or by Percoll gradient centrifugation (n = 10 samples in each sperm fraction).
Sperm parameter Swim-up sperm fraction (%)
Median, min.–max., mean ± SD
90% sperm Percoll fraction (%)
Median, min.–max., mean ± SD
47% sperm Percoll fraction (%)
Median, min.–max., mean ± SD
Progressive motility 76.52 67.53 5.84***
68.45–88.25 57.45–75.62 2.82–9.24
77.2 ± 5.82 67.28 ± 5.02 5.80 ± 2.14
Morphology 27.22 20.24* 9.13***
18.59–35.76 14.32–25.32 6.39–12.65
26.40 ± 5.02 20.17 ± 3.49 9.28 ± 2.06
Vitality (% alive) 83.99 69.98* 60.34***
73.56–96.72 63.56–75.83 46.35–66.47
84.31 ± 7.58 70.5
* P < 0.05, in comparison with swim-up sperm fraction.
*** P < 0.001, in comparison with swim-up sperm fraction.Fig. 1. The percentage of TUNEL-positive spermatozoa in tested sperm
fractions (n = 60 in each sperm fraction). The results are expressed as
median ± AD; P < 0.05 calculated using the Kruskal–Wallis test.
3.3. Effect of inﬂammatory mediators on the percentage
of TUNEL-positive cells in sperm fractions
The effect of selected inﬂammatory mediators on the
percentage of TUNEL-positive cells in different sperm
fractions is summarized in Fig. 2. Untreated control
spermatozoa isolated using the swim-up technique had
the lowest percentage of the TUNEL-positive cells. When
Fig. 2. Inﬂuence of selected inﬂammatory mediators on the percentage
of  TUNEL-positive spermatozoa in the sperm fractions tested (n = 10 in
each sperm fraction). The results are presented as median ± AD; P < 0.05
calculated using the Kruskal–Wallis test, and compared with respective
controls. ± 4.81 59.53 ± 6.44
compared with the swim-up sperm fraction, approxi-
mately two  to three times as many elevated TUNEL-
positive cells were observed for the Percoll sperm fractions
(90% and 47%) analyzed. In general, the presence of leuko-
cytes was  associated with a decrease in the number of
TUNEL-positive cells. However, this effect was not statis-
tically signiﬁcant compared with sperm incubated alone
(controls). Incubation of spermatozoa with IL-6 combined
with IL-8 was connected to an increased percentage of
TUNEL-positive cells, especially in the 90% Percoll sperm
fraction. However, this increase was also statistically
insigniﬁcant compared with the respective control. The
combination of IL-12 with IL-18 caused an increase in the
percentage of TUNEL-positive cells, especially in sperm
fractions isolated by the Percoll gradient, although this
increase was also insigniﬁcant compared with untreated
cells. When spermatozoa were exposed to E. coli, a much
higher percentage of TUNEL-positive cells was noted only
in cases of spermatozoa recovered from the 47% Percoll
fraction (P < 0.05). Anaerobic bacteria represented by B.
ureolyticus had a statistically signiﬁcant inﬂuence on the
percentage of TUNEL-positive cells in sperm from the 90%
Percoll fraction (P < 0.05). Moreover, this increase was  the
highest among all the inﬂammatory factors applied in
this study. Representative sperm samples observed in the
TUNEL assay are presented in Fig. 3.
3.4. Effect of inﬂammatory factors on comet length in
sperm fractions
The results of comet length in all the sperm frac-
tions incubated with leukocytes that were examined,
pro-inﬂammatory cytokines, as well as bacteria are pre-
sented in Fig. 4 and representative photographs of sperm
comets are shown in Fig. 5. Regardless of the type of
inﬂammatory factor applied, the shortest comet length was
found in swim-up-isolated spermatozoa; it was  longer in
spermatozoa recovered from the 90% Percoll fraction, and
the longest in the 47% Percoll sperm fraction. The presence
of leukocytes increased the comet length in spermato-
zoa recovered from the swim-up and 90% Percoll fractions
(P < 0.01, in comparison to untreated cells). Incubation of
spermatozoa from all the fractions examined with pro-
inﬂammatory cytokines was  connected to a signiﬁcant
increase in DNA strand breaks compared with appropriate
sperm controls (P < 0.01). When the bacterial strains were
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Fig. 3. Representative sperm samples observed with the TUNEL assay (histogram in the left panel and the same sperm as observed under a ﬂuorescent
microscope in the right panel) showing: (A) the negative control (sperm from the 90% Percoll fraction exposed to the reaction mixture without TdT); (B)
the  positive control (sperm from the 90% Percoll fraction pretreated with DNase I); (C) sperm from the 90% Percoll fraction incubated alone; (D) sperm
from  the 90% Percoll fraction incubated with B. ureolyticus.
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Fig. 4. Inﬂuence of selected inﬂammatory mediators on comet length in
Table 3
Comparison of the percentage of TUNEL-positive cells and comet length
in  swim-up and 90% Percoll sperm fractions applied to selected inﬂam-
matory mediators; calculated using the Mann–Whitney U test.
Inﬂammatory factor % of TUNEL-positive cells Comet length
No factor (control) NS NS
Leukocytes NS NS
IL-6 + IL-8 P < 0.01 NS
IL-12 + IL-18 NS NS
E. coli NS NS
B. ureolyticus P < 0.01 NSthe  sperm fractions tested (n = 10 in each sperm fraction). The results are
presented as mean ± SD; P < 0.01 calculated using the one-way analysis of
variance (ANOVA), and compared with respective controls.
used, a high and signiﬁcant increase in comet length was
found in spermatozoa isolated both by the swim-up and
the 90% Percoll gradient (P < 0.01, compared with control
spermatozoa), but not from the 47% Percoll fraction.
3.5. Comparison of the percentage of TUNEL-positive
cells and comet length between swim-up and 90% Percoll
sperm fractions
Results aimed at comparing the percentage of TUNEL-
positive cells and comet length between spermatozoa from
Fig. 5. Representative photographs of sperm examined with the Comet
assay, showing: (A) sperm from the 90% Percoll fraction incubated alone;
(B) sperm from the 90% Percoll fraction incubated with B. ureolyticus.NS – not statistically signiﬁcant.
Higher % of TUNEL-positive cells in favor of the 90% Percoll sperm fraction
if  P < 0.01.
the swim-up and 90% Percoll fractions, incubated (both
alone) and with particular inﬂammatory mediators, are
presented in Table 3. The presence of the combination of
IL-6 with IL-8 or B. ureolyticus was associated with a sig-
niﬁcant increase in the percentage of TUNEL-positive cells
of sperm from the 90% Percoll fraction in comparison with
sperm separated by the swim-up technique (P < 0.01). As
regards comet length, there were no statistical differences
between these sperm fractions, irrespective of the inﬂam-
matory mediator applied.
4. Discussion
The present study is a continuation of our previous
reports concerning the inﬂuence of the inﬂammatory pro-
cess on structural, metabolic, and functional disorders of
three various sperm subpopulations using an in vitro sys-
tem (Fraczek et al., 2007, 2008). The use of both the TUNEL
and Comet assays for the evaluation of DNA fragmen-
tation in ejaculated spermatozoa seemed to strengthen
the value of our ﬁndings, particularly because the results
obtained by these two methods corroborated each other
to some degree. As for the percentage of DNA-fragmented
spermatozoa in motile fraction after the swim-up pro-
cedure, we expected to obtain results similar to those
reported by other authors (Ramos and Wetzels, 2001;
Muratori et al., 2003; Lachaud et al., 2004; Aziz et al., 2007).
Indeed, we observed the lowest number of TUNEL-positive
cells and the shortest comet length in this fraction. In turn,
the highest percentage of cells with spontaneously frag-
mented DNA was noted in the fraction of spermatozoa
with the poorest seminological parameters (47% Percoll
fraction). These ﬁndings are also in agreement with other
reports showing the signiﬁcantly higher proportion of
sperm with DNA damage in the fraction of sperm with
low motility, compared with the fraction with high sperm
motility (Barroso et al., 2000; Mahfouz et al., 2010).
It is known that through in vitro manipulation with
semen samples DNA fragmentation can be forced upon
spermatozoa because of the induction of exogenous
stresses (Toro et al., 2009; Jackson et al., 2010). It turned
out that even morphologically normal human spermato-
zoa from the swim-up population may  demonstrate
DNA fragmentation (Avendan˜o et al., 2009). According to
some authors sperm samples prepared using the gradi-
ent centrifugation technique may  be even more stable, in
terms of DNA fragmentation, than samples prepared by a
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wim-up procedure (O’Connell et al., 2003; Zhang et al.,
011). In the present study, normal spermatozoa isolated
sing the swim-up technique were assessed as being the
ost resistant to inﬂammatory agent-induced DNA frag-
entation; in contrast to spermatozoa obtained from the
0% Percoll sperm fraction, which appeared to be the
ost susceptible (Fig. 1). These results have conﬁrmed
hat the structural and functional differences between the
permatozoal fractions studied (Table 2) may  inﬂuence
he frequency and intensity of sperm DNA fragmenta-
ion, when subjected to various inﬂammatory mediators.
n the light of the present data, the selection of spermato-
oa by gradient procedures increases the susceptibility of
ature spermatozoa to harmful effects toward DNA qual-
ty exerted by inﬂammatory factors. Such ﬁndings may  help
ith optimal sperm preparation used in assisted reproduc-
ive therapy, especially in infertile patients with urogenital
ract infection/inﬂammation.
The most critical mechanism to explain the origin of
NA degeneration occurring in ejaculated spermatozoa
ndicated in the present study can be related to apopto-
is and/or necrosis as indicated by others (Lachaud et al.,
004; Aitken et al., 2009). In this study, we applied two
ests commonly used to detect DNA strand breaks in human
permatozoa. In our view, the ﬂow cytometric TUNEL assay
ould be potentially useful for the diagnosis of sperm DNA
poptotic fragmentation, while the Comet assay can be
pplied to detect DNA degeneration. It cannot be excluded
hat the noted differences among sperm fractions, such
s the number of dead and/or dying sperm, were a rea-
on for the observed differences between the percentage
f TUNEL-positive cells and comet length values, partic-
larly when spermatozoa were exposed to inﬂammatory
ediators (Figs. 2 and 4). Moreover, the higher speciﬁcity
f the TUNEL assay allowed us to ﬁnd some differences
n sperm DNA fragmentation between sperm separated by
he swim-up technique and those obtained from the 90%
ercoll gradient, while this was not the case when eval-
ating Comet assay data (Table 3). Probably, the use of
dditional techniques for detecting apoptotic-like changes
n ejaculated spermatozoa, such as the Annexin V/PI bind-
ng assay or electron microscopy technique, could dispel
oubts regarding the nature of detected DNA breaks during
ale genital infection/inﬂammation. Moreover, the use of a
odiﬁed TUNEL assay as proposed recently by a group from
leveland (with staining for live sperm and dithiothreitol
or decondensation of chromatin) should better deﬁne the
tatus of DNA damage and may  offer more comprehensive
nformation on the understanding of sperm DNA (apoptotic
nd/or necrotic) fragmentation occurring under in vivo and
n vitro inﬂammatory reactions in semen (Mitchell et al.,
011).
Most clinical studies concerning infections of the male
enitourinary tract have reported that well-established
ausative pathogens, such as Gram-negative rods (e.g.,
. coli) and genital Ureaplasmas and Mycoplasmas,  are con-
ected to decreased sperm DNA quality (Reichart et al.,
000; Sanocka-Maciejewska et al., 2005; Gallegos et al.,
008; Domes et al., 2012). There are many experimen-
al data that have revealed the induction of apoptotic-like
hanges in human ejaculated spermatozoa by bacteria Immunology 100 (2013) 76– 85
in respect to mitochondrial membrane potential, phos-
phatidylserine translocation, sperm viability and motility;
although none of them have exclusively focused on sperm
DNA quality (Diemer et al., 1996; Köhn et al., 1998; Villegas
et al., 2005; Berktas et al., 2008; Schulz et al., 2010; Fraczek
et al., 2012). However, one group has recently demon-
strated an increase in bovine sperm DNA fragmentation
due to bacterial growth (González-Marín et al., 2011).
Interestingly, we  observed in our study, that pathogenic
bacteria may  directly induce DNA fragmentation in ejac-
ulated spermatozoa (Fig. 2). Based on our previous study,
we can postulate that co-incubation of human ejaculated
spermatozoa with pathogenic, as well as conditionally
pathogenic bacterial strains may  diminish sperm plasma
membrane integrity. Of all the bacterial strains applied,
the greatest increase in PI-positive sperm cells had previ-
ously been found in the presence of B. ureolyticus (Fraczek
et al., 2012). Out of the two bacterial strains used in the
current study, the greatest inﬂuence on sperm DNA was
also caused by this anaerobic bacterial strain. Taking into
consideration our previous data regarding sperm viabil-
ity, we  cannot exclude the possibility that direct contact
of nonpathogenic bacteria with spermatozoa might also be
an initial signal for germ cell DNA fragmentation.
In the present study, we applied two  pathogens rep-
resenting the different groups of bacteria that are most
often isolated at a signiﬁcant bacteriospermia level in the
semen of infertile men. Differences in metabolism and
pathogenicity between the two  bacterial strains used in
the present study also deserve consideration during the
interpretation of the results obtained. It has been docu-
mented that there is a relationship between the presence
of E. coli in the male reproductive tract and a decrease in
sperm motility (Diemer et al., 1996), as well as good sperm
morphology (Menkveld and Kruger, 1998). Our data con-
ﬁrm those observations and indicate the strongest increase
in TUNEL-positive cells in the 47% sperm Percoll fraction,
a fraction rich in male gametes with abnormal morphol-
ogy and altered motility. As for B. ureolyticus,  it is known to
produce superoxide dismutase (SOD), which allows them
to survive under oxygen conditions. It is therefore pos-
sible that free radical species may  mediate the cytotoxic
effects of these bacteria toward spermatozoa, especially
those recovered from the 90% Percoll fraction, which was
shown, not for the ﬁrst time, to be extra-susceptible to
peroxidative damage (Fraczek et al., 2007).
The main potential mechanism in which genital tract
inﬂammation/infection might affect male germ cells could
be the impact of leukocytes inﬁltrating the inﬂammatory
site (Ochsendorf, 1999). However, there is an ongoing
controversy concerning the relationship between sperm
DNA integrity and leukocytospermia (Alvarez et al., 2002;
Erenpreiss et al., 2002; Henkel et al., 2005; Moskovtsev
et al., 2007; Domes et al., 2012). In our study we observed a
lower percentage of TUNEL-positive cells after the incu-
bation of spermatozoa with leukocytes. One potential
hypothesis for this paradox is the rapid removal of dam-
aged germ cells by leukocytes due to phagocytosis. This
mechanism of sperm selection can be an important part
of the elimination of nonviable or damaged spermatozoa
(unpublished data). Thus, the observed decrease in the
oductiveM. Fraczek et al. / Journal of Repr
number of germ cells with fragmented DNA, especially in
the 47% Percoll sperm fraction with altered morphology
and motility, as well as with an increased proportion of
dead spermatozoa, partially provides evidence for the pos-
itive role of leukocytes in ejaculate, which has occasionally
been mentioned in the literature (Tomlinson et al., 1992;
Ricci et al., 2002; Henkel, 2011; Barraud-Lange et al., 2011).
The relationship between cytokines participating in
urogenital infections and human sperm apoptotic-like
changes has been recently identiﬁed as a central area of
interest (Feldmann and Saklatvala, 2001; Perdichizzi et al.,
2007). For example, TNF--induced apoptosis in ejaculated
spermatozoa measured by an increase in the percentage
of the spermatozoa with phosphatidylserine (PS) exter-
nalization on the cell membrane surface and/or by an
increase in the TUNEL-positive spermatozoa has been con-
ﬁrmed in some experimental and clinical studies (Said
et al., 2005; Perdichizzi et al., 2007; Allam et al., 2008). Of a
large group of pro-inﬂammatory cytokines, IL-6, IL-8, and
IL-18 have been most frequently mentioned in the liter-
ature as diagnostic markers for male genitourinary tract
infections (Depuydt et al., 1996; Eggert-Kruse et al., 2001;
Sanocka et al., 2003; Matalliotakis et al., 2006). In our previ-
ous in vitro report, two combinations of pro-inﬂammatory
cytokines (IL-6 + IL-8, IL-12 + IL-18) turned out to be an
important factor enhancing sperm membrane lipid peroxi-
dation primarily caused by leukocytes (Fraczek et al., 2008).
In the present study, we were able to demonstrate that
in in vitro conditions some pro-inﬂammatory cytokines
tend to affect the DNA integrity of ejaculated spermato-
zoa and this effect was visible, especially in sperm from
the 90% Percoll fraction (Fig. 2). It might be that in the
case of IL-6 concomitantly applied with IL-8, the observed
effect occurred through binding to its receptor, whose pres-
ence in spermatozoa has already been reported (Laﬂamme
et al., 2005). It is well known that some proinﬂammatory
cytokines, such as IL-1, TNF-, or IL-18, participate in the
regulation of the apoptotic process via the induction of the
Fas/Fas ligand (FasL) system (Dinarello, 2000; Feldmann
and Saklatvala, 2001). Some reports have described the
harmful effects of IL-18 on sperm quality in infertile men
with urogenital infections (Matalliotakis et al., 2006). The
possible cooperation of IL-18 with IL-12 in the apoptosis
induction of mature spermatozoa via the Fas/Fas ligand
(FasL) system cannot, therefore, be excluded. Moreover, it
is possible that the population of sperm obtained from the
90% Percoll gradient (with a relatively high percentage of
morphologically damaged gametes or dead cells), in which
we observed a high sperm fragmentation index, contained
spermatozoa rich in Fas that earlier escaped apoptosis
(Sakkas et al., 1999) The explanation of the mechanisms
of the inﬂuence of cytokines on sperm DNA and apopto-
sis during male reproductive tract infection/inﬂammation
needs further research.
In conclusion, the data obtained in this experimental
study revealed that sperm DNA fragmentation can be a
consequence of inﬂammatory reactions occurring during
semen infection. An increase in DNA damage observed
in the ejaculated spermatozoa in the presence of medi-
ators of the inﬂammatory process in vitro seems to be
in line with the observed DNA fragmentation during Immunology 100 (2013) 76– 85 83
inﬂammation in situ (Aitken and De Iuliis, 2007; Domes
et al., 2012; La Vignera et al., 2012). The present study
supports the view that during male urogenital inﬂamma-
tion microbial pathogens are the most prominent agents
responsible for damage to both sperm membranes and
DNA, with potential consequences for sperm function.
Although this study provides a better understanding of
the harmful effects of particular inﬂammatory factors on
DNA status in speciﬁc sperm subpopulations with different
fertilizing potentials, further investigations using morpho-
logical and molecular tests determining sperm membrane
status, mitochondrial function, and DNA integrity should be
applied to achieve a clear picture of subcellular changes in
ejaculated spermatozoa (including the native, unprocessed
sperm) occurring in the course of semen inﬂamma-
tion/infection under in vivo and in vitro conditions.
Acknowledgements
Study ﬁnanced by grants no. NR 13006606, NN
407283539.
References
Aitken, R.J., Baker, M.A., 2006. Oxidative stress, sperm survival and fertility
control. Mol. Cell. Endocrinol. 250, 66–69.
Aitken, R.J., De Iuliis, G.N., 2007. Origins and consequences of DNA damage
in  male germ cells. Reprod. Biomed. Online 14, 727–733.
Aitken, R.J., De Iuliis, G.N., McLachan, R.I., 2009. Biological and clinical
signiﬁcance of DNA damage in the male germ line. Int. J. Androl. 32,
46–56.
Allam, J.P., Fronhoffs, F., Fathy, A., Novak, N., Oltermann, I., Bieber, T.,
Schuppe, H.C., Haidl, G., 2008. High percentage of apoptotic spermato-
zoa in ejaculates from men  with chronic genital tract inﬂammation.
Andrologia 40, 329–334.
Alvarez, J.G., Sharma, R.K., Ollero, M., Saleh, R.A., Lopez, M.C., Thomas Jr.,
A.J.,  Evenson, D.P., Agarwal, A., 2002. Increased DNA damage in sperm
from leukocytospermic semen samples as determined by the sperm
chromatin structure assay. Fertil. Steril. 78, 319–329.
Avendan˜o, C., Franchi, A., Taylor, S., Morshedi, M.,  Bocca, S., Oehninger,
S., 2009. Fragmentation of DNA in morphologically normal human
spermatozoa. Fertil. Steril. 91, 1077–1084.
Aziz, N., Said, T., Paasch, U., Agarwal, A., 2007. The relationship between
human sperm apoptosis, morphology and the sperm deformity index.
Hum. Reprod. 22, 1413–1419.
Baccetti, B., Collodel, G., Piomboni, P., 1996. Apoptosis in human ejaculated
sperm cells (notulae seminologicae 9). J. Submicr. Cytol. Pathol. 28,
587–596.
Barraud-Lange, V., Pont, J.C., Ziyyat, A., Pocate, K., Sifer, C., Cedrin-
Durnerin, I., Fechtali, B., Ducot, B., Wolf, J.P., 2011. Seminal leukocytes
are Good Samaritans for spermatozoa. Fertil. Steril. 96, 1315–1319.
Barroso, G., Morshedi, M.,  Oehninger, S., 2000. Analysis of DNA fragmen-
tation, plasma membrane translocation of phosphatidylserine and
oxidative stress in human spermatozoa. Hum. Reprod. 15, 1338–1344.
Berktas, M.,  Aydin, S., Yilmaz, Y., Cecen, K., Bozkurt, H., 2008. Sperm
motility changes after coincubation with various uropathogenic
microorganisms: an in vitro experimental study. Int. Urol. Nephrol.
40, 383–389.
Carrell, D.T., De Jonge, C., Lamb, D.J., 2006. The genetics of male infertility:
a  ﬁeld of study whose time is now. Arch. Androl. 52, 269–274.
Comhaire, F.H., Mahmoud, A.M., Depuydt, C.E., Zalata, A.A., Christophe,
A.B., 1999. Mechanisms and effects of male genital tract infection on
sperm quality and fertilizing potential: the andrologist’s viewpoint.
Hum. Reprod. Update 5, 393–398.
Depuydt, C.E., Bosmans, E., Zalata, A., Schoonjans, F., Comhaire, F.H., 1996.
The relation between reactive oxygen species and cytokines in andro-
logical patients with or without male accessory gland infection. J.
Androl. 17, 699–707.
Diemer, T., Weidner, W.,  Michelmann, H.W., Schiefer, H.G., Rovan, E.,
Mayer, F., 1996. Inﬂuence of Escherichia coli on motility parameters
of  human spermatozoa in vitro. Int. J. Androl. 19, 271–277.
8 oductive
D
D
E
E
E
E
F
F
F
F
F
F
F
G
G
G
H
H
H
H
J
K
K
L
L4 M. Fraczek et al. / Journal of Repr
inarello, C.A., 2000. Interleukin-18, a proinﬂammatory cytokine. Eur.
Cytokine Netw. 11, 483–486.
omes, T., Lo, K.C., Grober, E.D., Mullen, J.B., Mazzulli, T., Jarvi, K., 2012.
The incidence and effect of bacteriospermia and elevated seminal
leukocytes on semen parameters. Fertil. Steril. 97, 1050–1055.
ggert-Kruse, W.,  Boit, R., Rohr, G., Aufenanger, J., Hund, M.,  Strowitzki, T.,
2001. Relationship of seminal plasma interleukin (IL) -8 and IL-6 with
semen quality. Hum. Reprod. 16, 517–528.
ndtz, A.W., 1974. A rapid staining method for differentiating granulo-
cytes from germinal cells in Papanicolau-stained semen. Acta Cytol.
18, 2–7.
renpreiss, J., Hlevicka, S., Zalkalns, J., Erenpreiss, J., 2002. Effect of leuko-
cytospermia on sperm DNA integrity: a negative effect in abnormal
semen samples. J. Androl. 23, 717–723.
renpreiss, J., Spano, M.,  Erenpreisa, J., Bungum, M.,  Giwercman, A., 2006.
Sperm chromatin structure and male fertility: biological and clinical
aspects. Asian J. Androl. 8, 11–29.
ariello, R.M., Del Giudice, P.T., Spaine, D.M., Fraietta, R., Bertolla, R.P.,
Cedenho, A.P., 2009. Effect of leukocytospermia and processing by dis-
continuous density gradient on sperm nuclear DNA fragmentation and
mitochondrial activity. J. Assist. Reprod. Genet. 26, 151–157.
eldmann, M.,  Saklatvala, J., 2001. Proinﬂammatory cytokines. In: Oppen-
heim, J.J., Feldman, M.  (Eds.), Cytokine Reference. New York Academic
Press, New York, USA, pp. 291–305.
raczek, M.,  Kurpisz, M.,  2007. Inﬂammatory mediators exert toxic effects
of  oxidative stress on human spermatozoa. J. Androl. 28, 325–333.
raczek, M.,  Sanocka, D., Kurpisz, M.,  2004. Interaction between leucocytes
and human spermatozoa inﬂuencing reactive oxygen intermediates
release. Int. J. Androl. 27, 69–75.
raczek, M.,  Szumala-Kakol, A., Jedrzejczak, P., Kamieniczna, M.,  Kurpisz,
M.,  2007. Bacteria trigger oxygen radical release and sperm lipid per-
oxidation in in vitro model of semen inﬂammation. Fertil. Steril. 88,
1076–1085.
raczek, M., Sanocka, D., Kamieniczna, M.,  Kurpisz, M.,  2008. Proinﬂam-
matory cytokines are an intermediate factor enhancing lipid sperm
membrane peroxidation in in vitro conditions. J. Androl. 29, 85–92.
raczek, M.,  Piasecka, M.,  Gaczarzewicz, D., Szumala-Kakol, A., Kazienko,
A.,  Lenart, S., Laszczynska, M.,  Kurpisz, M., 2012. Andrologia 44,
315–329.
allegos, G., Ramos, B., Santiso, R., Goyanes, V., Gosálvez, J., Fernández, J.L.,
2008. Sperm DNA fragmentation in infertile men  with genitourinary
infection by Chlamydia trachomatis and Mycoplasma. Fertil. Steril. 90,
328–334.
doura, R., Kchaou, W.,  Znazen, A., Chakroun, N., Fourati, M.,  Ammar-
Keskes, L., Hammami, A., 2008. Screening for bacterial pathogens in
semen samples from infertile men  with and without leukocytosper-
mia. Andrologia 40, 209–218.
onzález-Marín, C., Roy, R., López-Fernández, C., Diez, B., Caraban˜o, M.J.,
Fernández, J.L., Kjelland, M.E., Moreno, J.F., Gosálvez, J., 2011. Bacte-
ria in bovine semen can increase sperm DNA fragmentation rates: a
kinetic experimental approach. Anim. Reprod. Sci. 123, 139–148.
enkel, R.R., 2011. Leukocytes and oxidative stress: dilemma for sperm
function and male fertility. Asian J. Androl. 13, 43–52.
enkel, R., Maass, G., Hajimohammad, M., Menkveld, R., Stalf, T., Villegas,
J.,  Sánchez, R., Kruger, T.F., Schill, W.B., 2003. Urogenital inﬂammation:
changes of leucocytes and ROS. Andrologia 35, 309–313.
enkel, R., Kierspel, E., Stalf, T., Mehnert, C., Menkveld, R., Tinneberg,
H.R., Schill, W.B., Kruger, T.F., 2005. Effect of reactive oxygen species
produced by spermatozoa and leukocytes on sperm functions in non-
leukocytospermic patients. Fertil. Steril. 83, 635–642.
ughes, M.,  Lewis, S.E., McKelvey-Martin, V.J., Thompson, W.,  1996. A
comparison of baseline and induced DNA damage in human spermato-
zoa  from fertile and infertile men, using a modiﬁed comet assay. Mol.
Hum. Reprod. 2, 613–619.
ackson, R.E., Bormann, C.L., Hassun, P.A., Rocha, A.M., Motta, E.L., Ser-
aﬁni, P.C., Smith, G.D., 2010. Effects of semen storage and separation
techniques on sperm DNA fragmentation. Fertil. Steril. 94, 2626–2630.
öhn, F.M., Erdmann, I., Oeda, T., el Mulla, K.F., Schiefer, H.G., Schill, W.B.,
1998. Inﬂuence of urogenital infections on sperm functions. Androlo-
gia 30, 73–80.
ruger, T.F., Menkveld, R., Stander, F.S., Lombard, C.J., Van der Merwe,
J.P., van Zyl, J.A., Smith, K., 1986. Sperm morphologic features as a
prognostic factor in in vitro fertilization. Fertil. Steril. 46, 1118–1123.
achaud, C., Tesarik, J., Canadas, M.L., Mendoza, C., 2004. Apoptosis
and necrosis in human ejaculated spermatozoa. Hum. Reprod. 19,
607–610.
ackner, J., Schatzl, G., Horvath, S., Kratzik, C., Marberger, M.,  2006. Value
of  counting white blood cells (WBC) in semen samples to predict the
presence of bacteria. Eur. Urol. 49, 148–152. Immunology 100 (2013) 76– 85
Laﬂamme, J., Akoum, A., Leclerc, P., 2005. Induction of human sperm capac-
itation and protein tyrosine phosphorylation by endometrial cells and
interleukin-6. Mol. Hum. Reprod. 11, 141–150.
La Vignera, S., Condorelli, R., D’Agata, R., Vicari, E., Calogero, A.E., 2012.
Semen alterations and ﬂow-citometry evaluation in patients with
male accessory gland infections. J. Endocrinol. Invest. 35, 219–223.
Lopes, S., Sun, J.G., Jurisicova, A., Meriano, J., Casper, R.F., 1998. Sperm
deoxyribonucleic acid fragmentation is increased in poor-quality
semen samples and correlates with failed fertilization in intracyto-
plasmic sperm injection. Fertil. Steril. 69, 528–532.
Mahfouz, R., Sharma, R., Thiyagarajan, A., Kale, V., Gupta, S., Sabanegh,
E.,  Agarwal, A., 2010. Semen characteristics and sperm DNA fragmen-
tation in infertile men  with low and high levels of seminal reactive
oxygen species. Fertil. Steril. 94, 2141–2146.
Matalliotakis, I.M., Cakmak, H., Fragouli, Y., Kourtis, A., Arici, A., Huszar, G.,
2006. Increased IL-18 levels in seminal plasma of infertile men  with
genital tract infections. Am. J. Reprod. Immunol. 55, 428–433.
Menkveld, R., Kruger, T.F., 1998. Sperm morphology and male urogenital
infections. Andrologia 30, 49–53.
Merino, G., Carranza-Lira, S., Murrieta, S., Rodriguez, L., Cuevas, E., Morán,
C.,  1995. Bacterial infection and semen characteristics in infertile men.
Arch. Androl. 35, 43–47.
Mitchell, L.A., De Iuliis, G.N., Aitken, R.J., 2011. The TUNEL assay consis-
tently underestimates DNA damage in human spermatozoa and is
inﬂuenced by DNA compaction and cell vitality: development of an
improved methodology. Int. J. Androl. 34, 2–13.
Moskovtsev, S.I., Willis, J., White, J., Mullen, J.B., 2007. Leukocytosper-
mia: relationship to sperm deoxyribonucleic acid integrity in patients
evaluated for male factor infertility. Fertil. Steril. 88, 737–740.
Moskovtsev, S.I., Lecker, I., Mullen, J.B., Jarvi, K., Willis, J., White, J., Lo,
K.C., 2009. Cause-speciﬁc treatment in patients with high sperm DNA
damage resulted in signiﬁcant DNA improvement. Syst. Biol. Reprod.
Med. 55, 109–115.
Muratori, M.,  Maggi, M.,  Spinelli, S., Filimberti, E., Forti, G., Baldi, E.,
2003. Spontaneous DNA fragmentation in swim-up selected human
spermatozoa during long term incubation. J. Androl. 24, 253–262.
Muratori, M.,  Marchiani, S., Maggi, M.,  Forti, G., Baldi, E., 2006. Origin and
biological signiﬁcance of DNA fragmentation in human spermatozoa.
Front. Biosci. 11, 1491–1499.
Ochsendorf, F.R., 1999. Infections in the male genital tract and reactive
oxygen species. Hum. Reprod. Update 5, 399–420.
O’Connell, M., McClure, N., Powell, L.A., Steele, E.K., Lewis, S.E., 2003. Dif-
ferences in mitochondrial and nuclear DNA status of high-density and
low-density sperm fractions after density centrifugation preparation.
Fertil. Steril. 79, 754–762.
Perdichizzi, A., Nicoletti, F., La Vignera, S., Barone, N., D’Agata, R., Vicari, E.,
Calogero, A.E., 2007. Effects of tumour necrosis factor-alpha on human
sperm motility and apoptosis. J. Clin. Immunol. 27, 152–162.
Ramos, L., Wetzels, A.M.M., 2001. Low rates of DNA fragmentation in
selected motile human spermatozoa assessed by the TUNEL assay.
Hum. Reprod. 16, 1703–1707.
Reichart, M.,  Kahane, I., Bartoov, B., 2000. In vivo and in vitro impairment of
human and ram sperm nuclear chromatin integrity by sexually trans-
mitted Ureaplasma urealyticum infection. Biol. Reprod. 63, 1041–1048.
Ricci, G., Perticarari, S., Fragonas, E., Giolo, E., Canova, S., Pozzobon, C.,
Guaschino, S., Presani, G., 2002. Apoptosis in human sperm: its correla-
tion with semen quality and the presence of leukocytes. Hum. Reprod.
17, 2665–2672.
Rodin, D.M., Larone, D., Goldstein, M.,  2003. Relationship between semen
cultures, leukospermia, and semen analysis in men  undergoing fertil-
ity evaluation. Fertil. Steril. 79, 1555–1558.
Rybar, R., Prinosilova, P., Kopecka, V., Hlavicova, J., Veznik, Z., Zajicova,
A., Rubes, J., 2012. The effect of bacterial contamination of semen on
sperm chromatin integrity and standard semen parameters in men
from infertile couples. Andrologia 44, 410–418.
Said, T.M., Agarwal, A., Falcone, T., Sharma, R.K., Bedaiwy, M.A., Li, L., 2005.
Inﬂiximab may  reverse the toxic effects induced by tumor necrosis
factor alpha in human spermatozoa: an in vitro model. Fertil. Steril.
83, 1665–1673.
Sakkas, D., Mariethoz, E., John, St.J.C., 1999. Abnormal sperm param-
eters in humans are indicative of an abortive apoptotic mech-
anism linked to the Fas-mediated pathway. Exp. Cell Res. 251,
350–355.
Sanocka, D., Jedrzejczak, P., Szumala-Kakol, A., Fraczek, M.,  Kurpisz, M.,
2003. Male genital tract inﬂammation: the role of selected inter-
leukins in regulation of pro-oxidant and antioxidant enzymatic
substances in seminal plasma. J. Androl. 24, 448–455.
Sanocka-Maciejewska, D., Ciupin´ska, M., Kurpisz, M.,  2005. Bacterial infec-
tion and semen quality. J. Reprod. Immunol. 67, 51–56.
oductiveM. Fraczek et al. / Journal of Repr
Schulte, R.T., Ohl, D.A., Sigman, M.,  Smith, G.D., 2010. Sperm DNA damage
in  male infertility: etiologies, assays, and outcomes. J. Assist. Reprod.
Genet. 27, 3–12.
Schulz, M.,  Sánchez, R., Soto, L., Risopatrón, J., Villegas, J., 2010. Effect of
Escherichia coli and its soluble factors on mitochondrial membrane
potential, phosphatidylserine translocation, viability, and motility of
human spermatozoa. Fertil. Steril. 94, 619–623.
Sergerie, M.,  Laforest, G., Bujan, L., Bissonnette, F., Bleau, G., 2005. Sperm
DNA fragmentation: threshold value in male fertility. Hum. Reprod.
20,  3446–3451.
Simon, L., Castillo, J., Oliva, R., Lewis, S.E., 2011. Relationship between
human sperm protamines DNA damage and assisted reproduction
outcomes. Reprod. Biomed. Online 23, 724–734.
Smit, M., Romijn, J.C., Wildhagen, M.F., Weber, R.F., Dohle, G.R.,
2010. Sperm chromatin structure is associated with the qual-
ity  of spermatogenesis in infertile patients. Fertil. Steril. 94,
1748–1752. Immunology 100 (2013) 76– 85 85
Tamburrino, L., Marchiani, S., Montoya, M.,  Elia Marino, F., Natali, I., Cambi,
M.,  Forti, G., Baldi, E., Muratori, M.,  2012. Mechanisms and clinical
correlates of sperm DNA damage. Asian J. Androl. 14, 24–31.
Tomlinson, M.J., White, A., Barratt, C.L., Bolton, A.E., Cooke, I.D., 1992. The
removal of morphologically abnormal sperm forms by phagocytes: a
positive role for seminal leukocytes? Hum. Reprod. 7, 517–522.
Toro, E., Fernández, S., Colomar, A., Casanovas, A., Alvarez, J.G., López-
Teijón, M.,  Velilla, E., 2009. Processing of semen can result in increased
sperm DNA fragmentation. Fertil. Steril. 92, 2109–2112.
Villegas, J., Schulz, M., Soto, L., Sanchez, R., 2005. Bacteria induce expres-
sion of apoptosis in human spermatozoa. Apoptosis 10, 105–110.
World Health Organization, 1999. WHO  Laboratory Manual for the Exam-
ination of Human Semen and Sperm-cervical Mucus Interaction, 4th
ed.  Cambridge University Press, Cambridge, United Kingdom.
Zhang, X.D., Chen, M.Y., Gao, Y., Han, W.,  Liu, D.Y., Huang, G.N., 2011. The
effects of different sperm preparation methods and incubation time
on  the sperm DNA fragmentation. Hum. Fertil. (Camb.) 14, 187–191.
